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PREFACE 
The ol;>ject,ives of this. study were to: (1) evaluate phytoplankton 
numbers and spec;i.es divers:i,ty ;i,n Lake Carl Blackwell, Oklahoma, and in 
iso.'.l,.ated lake watel' exper:i,mel'l,ts using nutrient additions and aeration; 
(2) relate times of majol;' phytopl.an,kton bl.ooms to times of taste and 
odor; (3) describe limiting effects o:j: phosphorus, nitrogen, and carbon 
~ rese:t'Voir phytoplankton; and (4) pr.esent a data summary of physico-
chemical pa+ameters associated with-algal b1oome. 
DJ:t. Tt.'oy c. Pc:>r'X'is served as major adviser. Drs. Margaret s. Ewing, 
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Sp~e:ta,l appl;'eeiat:j_on to Dr. (;al;'y K. Rice for assistance in field work 
and ;Laboratory chemietry. I w;Lsh t:o thank Jack Orr and Joe Carroll for 
help with tnaint!enan~e 13ind fie;Ld collections and.to Mike Mnich for assist-
1;1nce in a1gae <;:ountil\S· Gratitude is also extended to Dre1. Dale Toetz 
a11d l.io\lii;J Va"J;$a for assist~nce in nitrate analysis and laboratory sup-
p~:rl!t. Spe(.i.;1,l thanks to my w;l:fe Anita for her patient assistance and 
fo~ tYPin$ the rough dra;l;t and to Mrs •. Janet Sallee for typing the final 
man\1.seri~t, 
This study 'tl'Tas supported by a National Oefense Education Act Fellow-
ship adminiat:ered by the G'.l:'ad~te College and Department of Zoology at 
Oklahomii State Uni,ve,;'9:Lt:y, Atomic Energy Connnission Contract No, 
AT - (40 - 1) ~ 4i54, and the Reserv9ir Research Center, Oklahoma State 
University. 
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CHAPTER t 
INTRODUCTION 
The principal objective of the present research was to evaluate 
blue-green, diatQtn, and green algal response to aeration and nutrient 
addition. Lake Carl Blackwell is a 35 year old water supply reservoir 
for Stillwater, Oklahoma, which annually produces annoying taste and 
odor. Algae are one of several biotic components which are suspected of 
imparting malflavors. Algae, phosphorus, nitrogen, carbon, and other 
physicochemical parameters were studied to provide basic data on limit-
ing factors of pl~nktonic algae. Number-based diversity of phytoplankton 
enclosed in enriched, !solated columns was compared to diversity in the 
open water of Lake Carl Blackwell. 
The term 'eutrophication' as used in this presentation denotes nut-
rient accumulation regardleas of amount or effect, and is not necessarily 
equivalent to pollution (Warren 1971, see also Hutchinson 1969, King 
·1970, Odum 1971, Likens 1972). Jackson (1964) defined an algal bloom as 
a visible change in th~ water mass produced by an increased growth of 
algal cells. Blooms have been investigated mostly in response to phos-
phorus and nitrogen enrichment (Appendix A). Trace metals have been im-
plicated as growth-limiting nutrients under certain conditions (Gerloff 
and Skoog 1957). Light, pH, and ca~bon also may be limiting factors. 
Qualitative aspects of blooms rather than biomass seems to be of major 
~oncet"n in recent studies (Sirenko et al, 1969, King 1970, Welch et al. 
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1972, Shapiro 1973, Brock 1973). Bloom hypotheses often have centered 
on such phenomena as overwintering, symbiotic relatipnships, and condi-
tions cQnducive to bloom development. 
2 
A generally held hypothesis is that algae remain planktonic and 
bloom in temperate zone reservoirs in response to nutrients which become 
available during spring or fall overturns. Upwelling brings mineralized 
nutrients into the euphotic zone when higher water temperature and light 
conditions become favorable for high autotrophic production. Nitrogen, 
phosphorus, carbon, otr trace elements may be limiting under these condi-
tions. 
A contrasting hypothesis by Russian workers asserts that spring 
blooms are brought about by overwintered stages that form benthic colo-
nies below the euphotic ~one and eventually become planktonic, Algae 
also may overwinter in clumps blown up on shore from which they re-enter 
the water when the level rises or when rains occur in spring. H~nce, 
al~al cells antecedent to blooms develop earlier on the bottom or shore 
than in the water mass (Siren.kc et al. 1969). 
Blue-green algae may form symbiotic relationships with gram-negative 
bacillus bacter~a (Silvey and Roach 1964, Kuentzel 1969, Holm-Hansen 
1968, Legge and Dingeldein 1970). Gelatinous covers of blue-greens con-
tain high concentrations of bacteria (Silvey and Roach 1964). Symbiotic 
bacteria can provide the co2 necess~ry for large blooms which cannot be 
accounted for by free co2 in the water or by co2 which diffuses in from 
the atmosphere (Silvey and Roach 1964, Sirenko et al. 1969). Blooms of 
blue-greens :i.n Southwestern United States reservoirs continued as long 
as b'.acteria were supplied with organic matter and produced co2 (Silvey 
and Roach 1964). 
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Organic matter seems to be necessary for heterotrophic growth. No 
excessive algal growths occurred in a 546 ha (1350 acre) Texas reservoir 
which contained abundant bacteria and algae (Wells 1969). The pH was 
consistently 8.5, and phosphorus fluctuated between 0.07 and 0.30 mg/l, 
Lack of growth was due to low dissolved organic matter. 
It has been argued that blue-greens require an alkaline medium for 
optimum growth (Webster and Frenkel 1952, Kratz and Myers 1955, Fogg 
1956, Brock 1973), may be sensitive to high free co2 , and may be depend-
ent on carbonate ion, while forms which compete successfully with blue-
greens at pH below 8.4 may not be so i~hibited (Jackson 1964). Recent 
studies reveal that blue-greens can take up co2 at lower co2 concentra-
tion than green algae (King 1970). Blue-green algal production is. re-
duced at co2 concentration of less than 2.5µ moles/liter. High co2 may 
cause a shift from blue-green to green algae, especially when other 
nutrients are abundant (Shapiro 1973). For this reason alkaline bodies 
of water, which have low free co2 concentrations, may support more blue-
greens. 
Increased algal growth in Lake Medota occurred in areas exposed to 
winds but not in protected coves (Wohlschlag and Hasler 1951). Winds 
stirred up nutrients from the sediments and brought in additional co2 by 
aeration. Algal mats were deposited on shore by wind action after the 
bloom. Cells did not die imll10diately, but were retained in jelly-like 
masses which slowly dehydrated. Bacterial action was reduced and actino-
mycetes increased, feeding on the mass of algae. 
Nitrogen fixation can provide much of the nitrogen necessary for 
blooms. Forty-three percent of annual nitrogen input to Clear Lake, 
California comes from biological nitrogen fixation (Horne and Goldman, 
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1972). Another source of nitrogen is ammonia which is formed and nitri-
fied after algal cells die and lyse (Topachevskiy et al. 1969). Auto-
trophic nitrifying bacteria may compete with algae for available co2 
(Torpey'l968). 
Death of algae is important in cycling of phosphorus since phosphor-
us is not an atmospheric constituent and algae are known to assimilate 
'lqxury' phosphorus up to 20% dry weight (Porcella 1969, Fitzgerald 1969, 
Kuentzel 1971, Azad and Borchardt 1970). Heavy growth can occur in as 
little as 0.015 mg/l orthophosphate and release from one bloom can pro-
duce a se-cond bloom (Kuentzel 1969). 
Russian investigations have shown that large plue-green growths are 
relatively short-lived because the algae are not euplanktonic, but.have 
a long wintering period on mud bottoms.where anaerobic, richly organic. 
conditions exist (Topachevskiy et al. 1969). Microcystis aeruginosa 
colonies reached a maximum in early spring when oxygen content was low 
or undetectable by the Winkler method, but.where a high concentration of 
organic substances existed (Sirenko et al. 1969). Cell multiplication 
occurred first on a mud bottom in the dark and increased rapidly in light 
near the surface after densely packed colonies floated loose, Hetero-
trophic nutrition was reduced and autotrophic production increased. Al-
though this reversal has been documented for Microcystis aeruginosa 
(Sirenko et aL 1969), Holm-Hansen (1967, 1968) and Van Baalen et al. 
(1971) believe that heterotrophic growth is possible only in light. 
Growth of blue-green algae in cl,ear water often is excessive (Hergenrader 
and Hammer 1971). Turbidity slOwed growth of Nostoc musco:rum (Lazaroff 
' 
and Vishniac 1961) and inhibited photosynthesis of Aphanizomenon ~., 
and Microcystis aeru&inosa (Hergenrader and Hammer 1971). Anabaena ~· 
5 
decreased in clear, aerated water (Malueg et al. 1971), and was observed 
blooming with Microcystis ~· in low turbidity (Krishnamoorthi et al. 
1971). 
CHAPTER II 
THE STUDY AREA - LAKE CARL BLACKWELL 
Lake Carl Blackwell is located 11 km west of Stillwater, Payne 
County, Oklahoma. Construction was completed in 1938, and the reservoir 
was filled in 1945 by intermitten,t flow of Stillwater Creek. Drainage 
area was 173 km2 of blackjack oak, short grass prairie, and grain-crop 
farm land. No urban or industrial runoff and a minimum of domestic waste 
originates; in the watershed. Surface area was 1400 ha (3460 acres) at 
spillway elevation of 288.0 m M.S •. L •. in 1945. Spillway level was 283.1 
m ~.S.L. at the .time of the present study with storage of 19.7 million 
3 
m and surface area of 665 ha (1643 acres) (Ree, W., Director, Outdoor 
Hydrau.1ic Laboratory, U. S.D.A., personal communication concerning water 
level of Lake Carl Blackwell). Mean depth was approximately 3 m (Norton 
1968). Suspended particles of montmorillonite clay cause Lake Carl 
Blackwell to be turbid most of the time (Leonard 1950). Clay particles 
are kept in suspension by wind-induced wave action. The Oklahoma State 
University Geology Department found that the capacity of the reservoir 
basin had been reduced 6% by 1959. by erosion and runoff from road beds 
and trails (Ree, personal communicatien). 
Maximum depth of the reservoir during the study was 12 m near the 
dam. Depth at the e~perimental station was 4 m. Wind action and basin 
topography prevented thermal stratification except during brief periods. 
Lake Carl Blackwell is considered to be a chemically stable system in 
6 
that major changes normally occur slowly (Rice 1972). Mass transport: 
occurs mainly by wind-induced currents. 
7 
CHAPTER III 
MATERIALS AND METHODS 
Sampling Station and Design of Experiments 
One sampling station consisting of a raft with an instrument shelter 
was anchored approximately 40 m upstream from the dam (Fig. 1). A sub-
merged cable provided poweT for pumps and analytical equipment .• 
Isolating columns are commonly used to study in ~ natural plank-
ton communities of lakes and reservoirs (Goldman 1962, Stepanek 1965, 
Slack and -Eh:i;'lich 1967, 'Kemmerer 1968, -McLaren 1967, Schlinder et al. 
1971, 'P·owers- -et al. 1972, '.Schelske and Stoermer 1972, Shapiro 1973). 
Four columns of 12 mil polyethylene sheet extended from 40 cm .above the 
surface to the reservoir bottom (Fig. 2). Volume of each column was ap-
pro:Ximately 7,000 liters. Wate:t;' in columns w~s continuously circulated 
by submersibl.e pumps. Water from 3 m was released near the surface to 
mix nutrients and to simulate reservcUr circulation. Six experiments of 
aeration and nutrient addition were performed from June to October, 1972 
(Table I). Two columns simultaneously received aeration or a nutrient 
while the other two columns served as controls. Expe-riments involving 
aeration and phosphorus were repeated while those involving nitrate and 
glucose .were performed once •. 
Duplicate samples of net algae and surf ace algae were re~0ved from 
the reserv1oir ai;id each column immediately after nutrients .were added ancl 
8 
Logan County 
Payne County 
.. 
Noi;th 
Stillwater 
Creek 
Figure 1. Lake Carl Bla~kwell, Payne County, Oklahoma 
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I Noble 
I County 
Raft 
10 
Cross bra.ce 
g~lvanized metal sheet 
5 x 5 em redwood frame 
'Polystyrene foam 
12 mil clear polyethylene 
· sheet 
2.5 cm 'Po1yvinylchloride pipe 
5 cm Polyvinylchloride pipe 
filled with sand 
Figure 2. Structure of Polyethylene Column 
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TABLE I 
DATES AND CONDITIONS OF FIELD EXPERIM~NTS 
Experiment 
' 
Inclusive 
Dates 
1 - AeFation · 6-21-72 to 
6-27-72 
2 - Phosphorus 7-14-72 to 
7-22-72 
3 - Nitrate 7-25-72 to 
8-02"'."'72 
4 - Glucose 8-08-72 to 
8-18-72 
5 - Aeration 9-03-72 to 
9-09-72 
.6 - Phosphorus 9""".12-72 to 
9-21.,...72 
Experimental.Units* 
Treatment •:central 
Two columns aerated, 
circulsted 
' 
Two columns phospho-
rus added, circu-
lated 
Two columns nitrate 
added, circulated 
Two columns open at 
bottom, glucose. 
added, circulated 
Two columns aerated, 
circulated 
Two columns phospho-
r~s added, circu-
lat~d 
Two columns 
cb:culated 
Two columns 
circulated 
Two.columns 
circulated 
Two columns 
closed bottom, 
glucose added, 
circl,llated 
Two columns 
circulated 
Two co;Lumns 
cit"culated 
*Two replicates for each experimental unit. 
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every other day for 8 days. Oxygen, temperature, and light penetration 
were measured each time algae were sampled. Duncan's new multiple range 
test was used to determine s:i,.gnificant differences among treated columns, 
control columns, .and the reservoir (Steele and Torrie 1960). 
An experiment was performed to identify algal forms which overwinter 
on bottom muds in Lake Carl Blackwell. Mud was collected by dredge from 
2 m and 5 m depths. Approximately 500 g of undisturbed bottom mud was 
placed in each of two 30 liter aquaria with modified Gorham's medium 
(Appendix "B) • 0 Temperature was held at 24 ± 2 C during a 12 hour.light-
dark regime under Sylvania Gro-Lux lamps. The aquaria were .stirred twice 
daily. Algal samples were counted every 2 days for 35 days.· 
A green alga (Chlorella pyreno;i,dosa) and a blue-green alga (Dactyl-
ococcopsis !E.•) were added to filtered Lake Carl Blackwell water in a 
second laboratory experiment •. Added nutrients (0.496 g/l NaNo3 plus 
0.063.g/1 Na3J?o4), added co2 (bubbled 10 min twice daily), and low pH 
(6.0 for 10 days and 3.3 fmr 10 days) served as treatments~ Filtered 
lake wat~r served as a control. 
Physicochemical Parameters 
Dissolved oxygen concentration was measured with a galvanic cell 
oxygen probe and special metering circuit, The probe was calibrated by 
the Alsterberg azide modification of the Winkler method. Aerations were 
made at the rate of 0.056 m3/min/column. Temperature was measured by a 
therm~stor which was calibrated "With a mercury thermometer accurate to 
± o.1°c. Light penetration was observed using a Secchi disc. pH was 
measured with an Orion Model 407 portable meter and Beckman 39000 com-
bination electrode. A standard curve was prepared from buffers of pH 
13 
3.0,to 10.0 and millivolt readings were converted to pH from the curveq 
Phosphorus additions were calculated to provide LO mg/l P04-P 
after precipitation in the reservoir by divalent calcium and magnesium 
ions. ++ ++ Ca plus Mg concentration was 50 mg/l in Lake Carl Blackwell 
(Rice 1972). Other precipitating elements were present~_l.1r·mu~1:f1Q~er -
concentrations and were omitted in calculations., Each treated column 
received 538 g HP04-. Water samples for phosphorus analyses were taken 
from 0.5 m in 1 liter polyethylene bottles and kept on ice for 6 hr un-
til analysis. (A.P.H.A., 1971) a 
Orthophosphate was determined by the single-solution method of 
Murphy and Riley (1962). Particulate matter was removed 'f?y filtration 
with O. 22µ Millipore filters. (Eley 1970) ~ Filtered and unfiltered sam-
ples were converted to orthophosphate by digestion in a boiling water 
bath for 1 hr with 5% potassium persulfate -(Menzel and Co:r,win 1965). 
Apsorbance was read after 15 min color development in 4 cm cells on a 
Beckman DB-G spectrophotometer at 720 run. Color was.stable for up to 30 
min, then began to fade slightly. 
Determination of phosphorus in bottom mud at the site of the columns 
was made by adding 1 g of mud to 1 liter of distilled water, agitating, 
and further treating the sample as a water sample. Samples were filtered 
before reading absorbance. 
St~ndard curves of digested and undigested phosphorus concentrations 
from 0.0025 to 0.1666 mg/I were prepared in triplicate. Undigested 
standards followed Beer's Law over the range of concentra tio11s used. 
Digested standards also followed Beer's Law at concentrations encounter-
edin Lake Carl Blackwell. Higher cqncentrations gave a non-linear re-
sponse. Digested and undigested absorbances were averaged to produce 
14 
one standard curve. Sample values were obtained from the linear regres-
sion of the curve. Absorbance values varied no more than 0.003 units 
between duplicates within columnso 
Five forms of phosphorus were calculated from unfiltered-digested, 
filtered-digested, and filtered-undigested samples as follows: 
Unfiltered-digested equals total phosphorus 
Filtered-digested equals total .soluble phosphorus 
(inorganic plus organic) 
Filtered-undigested equals soluble orthophosphate 
(inorganic) 
Filtered-digested minus filtered-undigested equals 
soluble organic phosphorus 
Unfiltered-digested minus filtered-digested equals 
particulate phosphorus 
Nitrate additions were calculated to increase No3-N concentration 
to 5.0 mg/l. Nitrate ion produces negligible complexes and precipitates 
because of its molecular size, polarization, and electron-accepting 
properties (Kolthoff et al. 1969)'. 'Dissolved NaN03 (49 .1 g) was added 
to treated columns. W:ater for nitrate analysis was.taken from 0.5 m and 
0 
addition of 40 mg/l of HgC12 and refrigeration at 4 C preserv~d the sam-
ples (E.P.A. 1971). Duplicate nitrate analyses were performed within 4 
days by tqe method of Mullin and Riley (1955). Absorbance w,as·read at 
540 nm. A standard curve was prepared using concentrations .from 0.0037 
to 3,700 mg/l N03-N. The standard curve obeyed Beer's Law over the 
range of concentrations used. Sample concentrations were converted from 
linear regression of the standard curve. 
C.arbon has been increased in algal nutrition studies by adding sol .... 
uble organic compounds (Hobqie and Wdght.1965), bicarbonate ion (Allen 
1972), or carbon dioxide gas (Shapiro 1973). Continuous addition of co2 
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gas to large volume columns was prohibitively expensive, while bicarbon-
ate addition produced almost no free co2 since reservoir pH was as high 
as 8.4. Thus, algal conununity dynamics were monitored for 10 days after 
addition of 1600 mg/l glucose. 
Algal Sampling 
Algae were sampled by duplicate vertical net hauls using a 16 mesh/ 
cm net and a retrieval rate of 0.5 m/sec, Net algae were preserved with 
FPA (Prescott 1970). Surface algae were settled and stained for 5 days 
by Lugol's iodine (Lund et al. 1958). McNabb's (1960) method was used 
to enumerate algae. 
Phytoplankton Diversity 
A species diversity index for mixed populations is useful as an in-
dicatQr of changes in water conditions (Margalef 1965)0 The quantita-
n 
tive index: d = - i~l ni/N log2 ni/N represents diversity per individual 
and is independent of sample size. d is dimensionless and any units of 
numbers or biomass can be used (Wilhm and Dorris 1968), 
Independent samples of size 120 to 420 individuals of phytoplankton 
from Lake Carl''Blackwell did not produce significantly different diver-
sities (Table II). Two pooled samples or at least 240 individuals were 
counted. It .is not necessary to classify organisms to species to calcu-
late d, but specimens must be placed in categories of like individuals, 
Algae were not identified to species in every case (Appendix C). 
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TABLE II 
d OF INDEPENDENT ALGAL SAMPLES 
SamEle Size 
Species 60 120 180 240 .300 360 420 
Melosira !P..• A 10 19 34 56 49 69 86 
Melosira .!E.. B 32 61 90 116 165 180 202 
cxclotella !.£.· 7 15 22 25 31 29 42 
AEhanizomenon .!E.· 6 7 13 15 14 22 32 
Anabaena .!E.. 1 4 5 7 10 14 20 
green micro cells 1 4 4 3 6 10 14 
Microcxstis !E..· 1 3 4 2 5 3 4 
unknown diatom 2 2 6 8 6 16 9 
Oscillatoria .!E.· 1 1 2 4 2 3 
flagellate 1 1 1 1 2 4 
Closterium .!E.· A 3 3 6 9 3 
Pediastrum .!E.• 1 1 1 
Staurastrum !£.· 1 1 
Ceratium !£.• 1 
Closterium .2.2.• B 1 
Nodularia .!E.· 2 
SEirulina .!E.• 1 
s = 8 11 10 13 14 14 12 
d = 2.07 2.34 2.23 2.27 2.24 2.38 2.33 
CHAPTER IV 
RESULTS AND CONCLUSIONS 
Algae and Taste and Odor in Lake.Carl Blackwell 
Counts of algae were made from April, 1971; to January, 1972, to 
determine gen.era! population trends and to identify predominant forms. 
Counts were made in su1111ller, 1972, coincident; with nutrient experiment$. 
Different species of algae were dominant at different.times making it 
impossible to. conduct each nutrient experiment with a similar community. 
Di.atomE! peak first in many reservoirs (Baklanovskaya 1969, Lin 1972, 
McDan:Lels 1973). The normal sequence of events in.European.reservoirs 
' 
has been described as: spring - diatoms, early sunnner - gree~s, late 
summer - blue-greens, autumn - second diatom peak (Knappert et al. 1970). 
Lake Carl BlackWell did not follow this regime during either year of the 
study (Figs~ 3, 4). Variation also existed in the sequence of algal 
peaks in 1971 and 1972, 
Taste and odor is most prevalent in Lake Carl Blackwell water in 
early September. Diatoms and green algae were abundant in August and 
September, 1971. Blue-green and green algae dominated in August and 
September, 1972. All three groups of algae probably contribute to taste 
and odot' problems in September. Laboratory cultures of Lake Carl Black-
well blue-green algae emitted a fishy, rotting grass odor, with the fish 
odor mo~e prevalent as cultures aged •. Diatom culture$ produced a musty, 
grassy oqor. 
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Response of Phytoplankton to Aeration 
O~ygenation of reservoirs by forced air injection resulted in re-
duction of n\,llllbers of sununer phytoplankton (Symons et al. 1967, Robinson 
et al, 1969, Knappert et al. 1970). Blue-green phytoplankton abundance 
in,creased during aeration while other phyla decreased (Lacl<.ey 1973). In 
a reservoir aerated for periods of 3 to 8 days surface clarity was not 
impaired, oxygen content increased, and blue-green and green algae de-
creased (Symons et al. 1967). Algal numbers increased after aeration 
was terminated. Oxygen content in a Stockholm reservoir was reduced by 
air injection because of vertical transport of oxygen-depleting mud 
(Bernhardt 196 7). Aeration was shown to be a negligible carbon source 
unless at least 0.5% co2 was added (Kratz and Myers 1955). Aeration and 
circulation may favor algal species that normally sink rapidly and, de-
pending on species present, could re$ult in increases or decreases in 
overall algal abundance (Lackey 1973). 
Algal populations of Lake Carl Blackwell were dominated by diatoms 
during the first aeration experiment. The second aeration experiment 
was performed near the end of a blue-green bloom. It was expected that 
diatoms would increase in all colul.llns because of substrata supplied by 
the sides of columns. Diatom numbers were slightly lower in number in 
columns during the first experiment and higher in number during the 
second experiment (Table III). Blue-greens and greens were lower in num-
ber in aerated columns and higher in control columns during both experi-
me~ ts. It appears that aeration may be capable of reducing numbers of 
blue~green and green algae in Lake Carl Blackwell. 
Aeration and circulation in columns reduced mean Secchi disc light 
penetration from approximately 40 cm to 30 cm. Circulation alone in con-
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TABLE III 
MEAN NUMBE.RS* OF ALGAE DURtNG AERATION EXPERIMENTS 
Paramet;er Reservoir Non-aerated Columns Aerated Columns 
EJr:periment NQ. 1 
Total al.gae 266.7 247.2 218.1 
;Blue-greens 39.8 42.2 34.4 
Diatoms 182.0 162.4 174.1 
Greens 45.0 42.6 32.1 
E~periment No. 2 
Total algae 387l..5 5194.0 2873.9 
Blue-gr~ens 3125.4 4046.4 2147.7 
Diatoms 276.9 385.5 398.6 
Greens 469.1 762.1 327.8 
* algae x 103 per liter, N • 16. Number of 
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trol colump.s reduced mean light penett'ation to 37 cm. Mean temperature . 
of aerated columns was about 1°C cooler than the reservoir. Dissolved 
oxygen cop.centration was near saturation at the surface in the reservoir 
and all columns, but was significantly increased near the bottom in 
aerated column,s. Forced air injection of Lake Carl Blackwell probably 
woul~ not lower water temperature sufficiently to reduce summer evapora-
tion. Bottom water in the relatively shallow reservoir contains enough 
oxygen for fish except for brief sununer periods so that aeration would 
seldom be beneficial for the sole purpose of maintaining high oxygen 
levels. 
Inorganic Phosphorus Relationships 
Serruya (1971) suggested that montmorillonite particles ma.y adsorb 
phosphorus and that montmorilloni~e added to reservoir waters might sed-
iment phosphorus thereby removing it from possible planktonic uptake. 
Mop.tmorillonite clay particles constitute most of the turbidity and sed-
iment in Lake Carl Blackwell (Leonard 1950). Lake Carl Blackwell sedi-
ment contains 0.980 mg/g phosphorus of.which 0.965 mg/g is particulate. 
Particulate organic ancl ip.organically bound phosphorus fractions were not 
distinguished by ~he determination method used since persulfate digestion 
and acid hyc1rolysis probably convert phosphorus adsorbed onto montmoril-
loni te particles into orthophosphate• 
Sediments may lose 18 to 65% of phosphorus to overlying water (Li 
et al. 1973) •. Slight st;;irring of bottom sediment by pumps in control 
columns during phosphorus addition e~periments appears to have increased 
orthophosphate by approximately 0.06 mg/l. Release of orthophosphate 
from only 0.5 cm of Lake Carl Blac~well sediment would be sufficient to 
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prodµce the observed orthophosphate increase in control columns. Bae-
terial solubilization of precipitated aluminum-phosphorus complexes.such 
as montmorill,onit;e can occur in water of high pH (Gahler 1969), and might 
provide sufficient orthophosphate to produce algal blooms in Lake Carl 
Blackwell water which bas a high pH (Table IV). It ·is doubtful that 
application of montmorillonite to reservoirs woµld be useful in reducing 
phosphorus. 
TABLE IV 
pH OF LAKE CARL BLACKWELL, 1940 TO 1973 
R.ef ex-ence 
Leonard (:(.950) 
U. S. Geol. Survey (1947) 
Leon.ard (1950) 
Cooper (1965) 
Norton (1968) 
Rice (1972) 
Orr (unpublished) 
Faust (present study) 
Sample Year 
1940 - 1941 
1947 
1949 - 1950 
1963 
1964 
1967 
1971 
1972 
1973 I 
Organo-Phosphorus Relationships 
pH 
7.1 - 8.3 
7.3 - 7.8 
7.4 - 8.4 
7.8 - 8.8 
8.3 - 8.8 
8 • .4 
8.1 - 806 
8 •. 1 - 8 .. 5 
8.2 - 806 
Organo-phosphorus is excreted by phytoplankton and released upon 
death (Lean 1973), but algae also may take up or$ano-phosphorus com-
pounds, perhaps even preferentially (Ryther and Guillard 1959). · Inter-
p:retation of results af algal assay tests are complicated by the fact 
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that all orgat'lo-phosphorus may not be formed biologically. Lean (1973) 
reported that two forms of organically bound phosphorus were present 3 
min after radioactive phosph~te enrichment of a lake water sample. One 
form was a molecular aggregate or colloid for which he postulated no 
biologically important role, but which may be the so--:called "particulate 
organic phosphorus" conunonly included as a living cellular constituent. 
Colloidal organo-phosphorus cannot be distinguished by present methods 
from phosphorus bound within living cell.s. A rapid increc;ise of particu-
late phosphorus in assay cultures cannot necessarily be equated with an 
uptake by algae. 
Particulate phosphorus increased within 1 hr after orthophosphate 
addition in columns (Table V). Algae may have absorbed part of the 
orthophosphate, but it is probable that some orthophosphate was convert-
ed to the co~loidal organo-phospporus form. 
4ean (1973) described a second form of organically bound phosphorus 
which had a relatively low molecular weight of 250. Formation of such a 
compound may be a cellular response to low orthophosphate or high biomass 
(Lean 1973). Soluble organo...,.phosphorus increased temporarily in columns 
(Table V). The i:qcrease cannot. be attributed to high algal biomass and, 
although orthophosphate was in low concent+ation in Lake Carl Blackwell 
water, no evidence exists to show that cellular phosphorus was low. 
Conditions under which the low molecular weight organo-phosphorus com-
pound may be formed have not been ascertained and more study is needed 
of phosphorus kinetics and biotic relations in the aquatic environment. 
Response of Phytoplankton to Phosphorus 
Algae increased significantly in numbers in response to added ortho 
Pat"ameter 
Total P 
So;l.ub;Le P 
Ortho P 
Sol. Org. P 
Partic. P 
TABLE V 
I 
MEAN OF FIVE. FORMS OF PHOSPHORUS* BE;FORE AND DURING 
PHOSPHORUS ADDITION EXPERIMENTS 
Columns 
Time (hrs) Reservoir No P Added 
Before addition 0 •. 0620 0.0650 
1 0.0682 0.1225 
48 0.0570 0.0518 
96 0.0578 0.0643 
144 0.0652 0.0733 
192 0.0824 0.0733 
Before.add;i.tion 0,0100 0.0103 
1 0.0105 0.0805 
48 0.0076 0.0085 
96 0.0098 0.0121 
144 0,0125 0.0123 
192 0.0136 0.0111 
Before addition 0.0040 0.0042 
1 0.0040 0.0711 
48 0.0046 o. 0038 
96 0.0032 0.0077 
144 0,0058 0.0061 
192 0.0091 0.0057 
Before addition 0.0060 0.0063 
1 0.0065 0.0094 
48 0.0028 0.0047 
96 0.0067 0.0044 
144 0.0066 0 .0062 . 
;1.92 0.0044 0.0054 
Before addition 0.0610 o. 0547 
1 0.0577 0,0420 
48 0.0494 0,0433 
96 0.0467 0.0522 
144 o. 0527 0,0610 
192 0 •. 0688 0.0622 
* Concentrations in mg/liter, N • 8. 
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P Added 
0.0623 
1.0280 
0.0545 
0.0606 
0.0715 
0.0730 
0.0114 
0.9494 
0.0113 
0. 0118 
0.0113 
0.0104 
0.0040 
0.9237 
0.0055 
0.0064 
0.0060 
0,0050 
0.0074 
0.0259 
0.0058 
0.0054 
0.0053 
0.0064 
0.0509 
0.0786 
0.0432 
0.0438 
0.0605 
0.0626 
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phosphate and to phosphorus released from bottom sediments in 2 days in 
one experiment (Fig. 5) and in 4 days in a second experiment (Fig. 6). 
Numbers also increased in control columns where phosphorus concentration 
was in~reased by sediment stirring. Blue-greens responded to a lesser 
extent than greens in both experiments and diatoms did not respond in 
either experiment. Increase of cell numbers was short-lived which may 
indicate a turnover tii;ne of J,ess than 4 days in enriched columns. 
Mineral deficiencies cause specific symptoms in algae including 
different abilities to recover if viability is not entirely lost (Soeder 
1965), so that it is important to know whether a phytoplankton connnunity 
is 'juvenile' or 'senile'. A juvenile community is actively growing and 
increasin$ in numbers while a senile conunuµity consists of degenerative 
cells~ Production of new material may come to a complete standstill in 
a s~mile community. 'Xhe response of cell numbers to phosphorus addition 
in ~ days probably is indicative of a juvenile community which was be-
ginning active cell multiplication. The response in 4 days during a 
second experiment occurred in a community which had just produced a large 
blue-green bloom. 
Response of Phytoplankton to Nitrate 
Depletion of inorganic nitrogen can be the main cause for termina-
tion of spring algal blooms (Pechlaner 1970). Nitrate and anunonia con-
centration decrease almost to zero at the surf ace in Lake Carl Blackwell 
by the end of June and remain low throughout the summer (Toetz 1972), 
Even though nitrate concentration w~s extremely low in reservoir water 
(Table VI), addition of 5,0 mg/l of nitrate had no effect on the senile, 
diatom-dominated C0'11111unity which was present initially. Diatoms in the 
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columns and the teservo;Lr deereased from 2,200,000 to 500,000 cells/ 
Uter ;Ln 7 days (Fig. 7). A s;J.ight increase ;1.n numbers of diatoms after 
day 7 may have been a <;lelayed response initiated by a release of other 
nutrients such as silicon or phosphorus from the previous bloom. 
TABLE VI 
SOLUBLE NITRATE*, JULY, 1972 
Time After 
Addition (Hrs) Reservo;L:r No Nitrate Added Nitrate.Added 
1 0.0135 0.0136 P' 2.000 
48 Vndetectable Undetectable Undetectable 
96 0.0025 0.0017 0.0022 
144 0.0025 0.0018 0.0017 
l.92 Undetectable 0.0021 0.0030 
* Concentration in mg/l, N • 4. 
Blue-greens and greens remained low in number with less than 500,000 
cel,.ls/liter. It was expected that nitrate addition woulc]. increase green 
al~al numbers, but ~apid uptake of nitrate by periphyton could have pre-
vented ::increased green algal numbers. Some blue-greens in Lake Carl 
Blackwell can fix atmospheric nitrogen (Toetz 1972), and addition of in-
organic nitrogen probably would not increase blue-green algal numbers 
above usual sununer bloom abundance in Lake Carl Blackwell. 
Response pf Phytoplankton to Organic Carbon 
Blue-g+een algal.growth can increase in high concentration of organ-
ic matter (Vinyard 196 7, Sirenko et al. 1969), and some green GJ.lgae may 
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use dissolved organic compounds through passive uptake (Hobbie and Wright 
1965). Total <;lissolved organic carbqn in Lake Carl Blackwell was about 
15 mg/1in1971 (Kelly, J., Chemistry Department, Oklahoma State Univer-
sit;y, personal co1I1U1unicatian). Mean organic content of sediment was 
1.23% in June anc;l 1.94% in October, 1967 (Norton 1968). Organic detrital 
material was in low concent;ratiQn in net samples taken during the present 
st;udy. 
Organic carbon as glucose was added in an experiment when blue-
green numbers wex-e increasing. Surf ace algal numbers in enriched columns 
slightly increased in 72 hrs and remained more abundant than reservoir 
algae for 5 days (Fig. 8). Net algal numbers.increased in enriched 
columns in 72 hrs and remained more abundant.than reservoir net algae 
for 8 days, Release of co2 by bacterial action rather than direct algal 
uptake' of glucose inay have increased algal growth. Bacteria increased 
and glucose was reduced to low levels in all enriched columns within 4 
days after glucose addition (Ori:, J., Biology Department, Cameron State 
Col.lege; persQnal communication concerning unpµblished bactex-ia. data 
from Lake Carl Blackwell). Tu;J:'nover time of small surface algae probably 
was more rapid than that for larger sp~cies thereby causing surface algal 
nwnbers in columns to return to re$.ervoir levels before t~e end of the 
experiment •. 
Phytoplankton Diversity 
Phytoplankton has been proposed as an indicator of total ecosystem 
diversity because of .its ubiquity and abundance. One proposed use of 
phytoplankton c;liver9ity measures is to reveal acceleration or decelera-
tion in the rate ·of·. production (Margalef 1965) • In ·order to be a useful 
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index of eutrophication changes, species diversity must discriminate 
between changes associated with different levels of nutrient enrichment 
(Rooper 1.969). 
Species diversity was calculated for surf ace phytoplankton and net 
phytoplankton for the reservoir for the summers of 1971 and 1972 and for 
enriched and untreated columns during experiments in 1972. Net d gener-
ally was lower than surf ace d because of the loss of small species 
through the net (Table VII). Several species of diatoms in Lake Carl 
Blackwell are similar and may not have been distinguished taxonomically, 
but this uncertainty probably caused only a small understimation of 
species diversity. Phytoplankton corpmunities in general are character-
ized by a large number of species, omission of .several rare species has 
little ef:eect in calculating phytoplankton diversity provided some criti-
cal number of species is exceeded in the census (Sager.and Hasler 1969). 
Maximum contribution to total diversity occurs when a species contributes 
37% of the sample (Wilhm and Dorris 1968). Diversity of 1032 phytoplank-
ters in Zl species was reduced from 2.4 to only 2.3 by omitting ten 
species with four or less individuals. 
Species diversity ranges from 1. 0 to 2 .5 in eutrophic. lakes and up 
to 4.5 for olig0trovhi<: lakes (Margalef 1968). Lake Carl Blackwell can 
be classified as a eutrophic lake since d varied from 0.50 ta 2.82. 
Diversity of pb,ytoplanl<ton in 1971 did not correlate well to total 
algal numbers (r = + .05) because algal peaks were caused by abundance of 
several species within a group rather than by dominance of one or two 
species (Fig. 9a). In contrast, dive+sity in 1972 was inversely corre-
lated to total algal numbers (r = - .84) because algal peaks were domin-
ated by blooms of only a few species (Fig. 9b) •.. The low correlation of 
TABLE VII 
~ AND RANGE OF d FOR LAKE CARL BLACKWELL SURFACE 
AND NET PHYTOPLANKTON, 1971, 1972 
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S\lrf ace d ,Net d 
Month Mean Range Mean Range 
June, 1971 2.11 1. 77-2. 70 1.87 1. 72-2 .02 
July, 1971 2.02 1,.71-2.17 1.90 1. 7'9-1.98 
August, 1971 2.36 1.75-2,64 1.96 . 1.51-2.31 
September, 1971 2.57 2.25-2.76 1,52 1.06-1.92 . 
October, 197l 1.91 L6a-2.2s 1.25 1.23-1.27 
June, 1972 2.46 2.35":"'2,82 1..93 1.30-2 .48 
July, 1972 2,38 2.25-2,65 2.44 1.93-2.73 
August, 1972 2.22 1,34-2.58 1.89 1.31-2 •. 23 
September, 1972 l •. 93 1..39-2.58 1.05 0.50-1.82 
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Ci with algal cout).tf.I in4i.c:ates that phytoplankton diversity may not al-
ways be a good indicator of algal bloom conditions. 
Enrichment of isc:>lated water columns was.expected to reduce.species 
diversity if only a few species were able to use added nutrients and re~ 
produce more.rapidly (Lund 1969, Schindlet et al. 1971). Diversity of 
net algae was significantly dif fe"t"ent only after phosphorus addition and 
after glucose·addition (Table VIII). In the first phosphorus experiment 
d of net algae in enriched columns was less (2.28) than the reservoir 
(2.54) because of an increase in large but relatively scarce species 
such as Meloi;ira !ER.• , Os~illato;liia !.2.• , and Bac:f,llaria !E.•. In the 
second phosphorus experiment net algal d increased toward 2 .• 0 because 
seveJ."al :;Large species responded to phosphorus. Surface algal d in en-
ric::hed. eolumns was not sign;i.:Ucantly different from reservoir surface 
a+sal.d during either phosphorus experiment since many greens and blue-
greens inc:i:-eased for b;r!ef p~riods •. 
Net alga!.d !ncreased 3 days after glucose enrichment and remained 
higher tha~ reservoiJ;." Ci until the end of the e:x;periment 8 days later . 
(Fig. 10). La:rge species. such as Pediast.rum @•, Bacillaria ~··, 
Melodra !EE.•, and Aph~nizomenoD; !E.• colonies became twice .as .abundant. 
;l~ enriched colum~s to produce the significantly higher diversity. Di-
versity of surface algae was not influenced by additio~ of glucose. 
NuinQers of many species of phytoplankton increased by an order·of 
m~gnitude in only a few days when conditions were favorable in the reser-
voir, Sometimes many species responded to nutrient enrichment. Diversity 
of phytoplankton seems to be of little value as a sensitive index to 
cqanges producc;!d by dif fe-;r:ent levels of a nutrient or to inc;.reased or 
decreased production rates~ More study is required to determine if d 
TABLE VIII 
DUNCAN'S MULTIPLE RANGE TEST ON d FOR AERATION AND 
NUTRIENT ADDITION EXPERIMENTS 
Columns 
Experiment Parameter Reservoir Untreated 
Aeration No. 1 Surf ace d 2.53 2.55 
Net d 1.94 2.13 
Aeration No. 2 Surface Ci 1.67 1. 77 
Net d 1.10 1.29 
Phosphot"Us No, l SuJ:'f ace d 2. 39 2.34 
Net d 2.54 2.41 
-
Phosphorus No. 2 Surface Ci 2.24 2.25 
Net d 1.00 2.08 
Nitrogen, Surface d 2 • .30 2.42 
Net d . 2.29 2.29 
G1uco$e Surface d 2.45 2.53 
Net d 1.88 * 2.32 
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Treated 
2.38 
2.16 
1.88 
1.28 
2.36 
~ 
2.16 
1. 83 
2,48 
2.24 
2.50 
2.17 
*~ndicates significant difference (« = .05) between reservoir and 
untreated ~olumns; indicates significant difference (« = .05) be-
tween reservoir and treated columns, N • 16. 
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~ght indi~•te phytoplankton colDlUunity changes induced differentially by 
va;ious n\ltrient~. 
Laboratory E~periments 
Reseonse of Algae on Winter Bottom M'ud 
• • ' • 1· ' • • .; 
Algal blooms which are noted in spring may originate as a few cells 
or compact colonies on shore or winter bottom tnUd rather than from plank-
tonic individuals (Sirenk.o et al. 1969, Topachevskiy et al. 1969). 
Benthic algae fi:-om Lake Carl BlackWell produced a plank.tonic bloom when 
winter bottom m\lds from 2 m and 5 m depths were introduced into nutrient 
medium and t~peratuJ;'e was increased.. Diato1}1s and blue-greens bloomed 
after day 18 int~ cult\l'l;'es with mud from 2 m (Fig, 11). Algal numbers 
remained lower in tpe culture• with mud from S m and produced smaller 
Pe4kS after about Z5 d11Lys ~ P~pulatio,ns fluctuated after 28 days. Green 
algae did nat increase in either cultqre. 
Diatoms on bottom mud conl!listed mostly of Navicula !El!.·, Gyrosigma 
!.E.• • Bacillaria !.E.• • and an unident:U;ied form. Cyclotella !E.• , Melosira 
!ER.', G;yto,sigma .!E.•, and a navicul(>id ·diatom were the abundant diatoms. 
in reservoir water in winter. The dominant blue-greens en bottom mud 
consist~d of .Oscillatoria .!.2£,•, S~irulina major, and a tiny sigmoid 
c;>rganism, Anab~na !l?J?,.•, Microcrstis .!l?.•, and Aphanizomenon !E.· were 
not produced from either benthic sample. Anabaena !El!.·' Oscillatoria 
!ER.•, and AJ?han~zomenon .!.E.• .were obsel;'ved in i-e~ervoir water in winter. 
Microcystis .!E.• w~s not present on bottom mud or in the water and proba-
'. . I' , ' 
bly overwintered on shore in crusts. Microcystis aeruginosa was abund-
ant-i~ 1971 sum~r blooms, but seldom was seen in 1972 summer samples. 
L:f.ttl.e tainf all and runoff :i,nto La~e Carl Blac'(twell occurred in 1972 and 
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perhaps overwintered crusts of }ficrocystis !E.• cells were not washed in-
to the reservoir in abundance. A few small green coccoid.cells and 
desmids we~e present on winter bpttom mud. Green, coccoid cells, Pedia-
st;um .!EE.·, and severa,1 other green ~lgae existed in. plank tonic forms. in 
the water. Bl\le-greens and diatoms seem to be capable of .ovexwintering 
on bPttom below the euphetic zone whil~ green algae probably overwinter 
as planktonic individuals. 
ResJ>ons.~ ,of . J?bxtoJ?,lankton, to. Nu trien.t Add,i tion, 
Bubbied co2, and Low pH, 
Injection of co2 and addition of nitrogen and phosphorus to a lake 
c0111munity dominated by blue-green algae result in a rapid shift to domi~ 
n~nce l:>y green algae (Shapi:t:'P 1973). · Blue-green algae. can take up co2 
at !owe~ co2 conc~ntra~ions.than green algae and thus predominate in 
waters.with high pH (Kin,g 1970). The lower pH limit.for blue-greens is. 
5.Q in natural water apd 4.1 .in cultures (Bt:'ock 1973). Lake Carl Black-
w~ll wa;ter has been slightly alkaline during observations taken since 
19.40 ('table IV), w;Lth a, low free c.o2 concentration of approximately 1 x 
10-5 mg/1 (Rice 1972). 
Filtered Lake Carl Blaekwell w~ter was seeded with the green alga 
Chloi:ella pyrenoidosa. and the bl,.ue-green alga Dactylococc1opsis !.£· Part 
of this mixture served as a control, while the remainder was divided 
•qual!y amc:>n,g tl\ree treatments. Population numbers of the two species 
;l.n unt'J;'eated con1:rPl~ oscilla.ted synchl;'onously (Fis~. 12). Pactylococcop-
sis !:e.~ maintained greater numbers until the fourteenth day in control 
a~d nutr!ent-enriqhed cultures and remained dominant in n~bers through-
out the experiment in low pa and COi-enri~hed cultures (Table IX). 
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TABLE pc 
pH AND RATIO (R) OF NUMBER OF GREEN ALGAE TO BLUE-GREEN ALGAE 
lN LAKE WATER, LOW pH, :BUBBLED co2' AND ADDED NUTRIENTS 
Lake Wate'X' Low l?H Bubbled COz Nutrients 
Pay pH R. pH R pH . R pH 1 
l 8.S .586 6.5 • 586. 6.4 .586 8.2 .586 
3 9.1 • 398 6.4 .373 6.1 • 724 8.8 .617 
6 9.5 .143 6.5 • 289 . 6,3 .258 9.1 .501 
8 9.3 ,272 6.4 ,234 6.1 .294 9.1 .796 
10 8.8 .• 264 3.3 .136 5.9 .365 8.9 .877 
13 8.8 ,589 3.3 .225 5.9 ~ 264 8.4 .890 
16 9.0 1,581 3.4 .198 6.3 .509 8.7 1. 739 
20 8.8 2.433 3.5 .353 6.5 .512 8,9 2. 775 
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Algal numbers only slightly increased in cultures to which nutrients 
were added indicating that addit,ional nutrients had little or no effect 
on the two populations, Diffusion of atmospheric co2 can be sufficient 
to produce an algal bloom i:p. any body of water which receives an adequat~ 
supply c;if phosphot:"us and nitrogen (Schindler and Brunskill 1972). co2 
influx appat:'ently was not rapid enough to eign:l,ficantly increase numbers 
of algae in the nutrient medium, and co2 probably was.limiting to algae 
in both the lake water contt:"ol and nutriet\t medium (Fig. 12). 
Algal :numbers increased rapid;I.y in co2-enriched cultures to which 
no addit;;ional nutrients were added. The blue-green algal species rema;i.n-
e~ higher in number than the green algal species even though pH was con-
siste.ntly near 6. o. Algal numbers in the low pH cultures increased 
slightly as in.the controls arid nutrient-enriched medium. Blue-greens 
maintained higher numbers even in pH:as low as 3.3 to 3.5 for 10 days. 
Dac.tylococcopsis ~· grew lit\early in a medium with no bicarbonate rather 
than logarithmically and growth appeared to be related to low influx of 
. at~ospheric co2 (Rice 1972). Some blue-greens may be more efficient at 
obtaining co2 at low co2 concentration, but Dactylocaccops;is !£.· grew 
even better in high co2 concentration. Blue-green forms in Lake Carl 
Blackwell are reputed bloom formers and probably take advantage of low 
co2 (i.e. high pH) i:p. the reservoir. Carbon dioxide appears to be limit-
ing to the two species of algae growp in filtered Lake Carl Blackwell 
water. 
Discussion 
Stirring of bottom sediments in control columns by circulating 
pumps during phosphorus addition experiments apparently caused an in-
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crease in orthophosphate concentration since algal numbers increased in 
both the phosphorus-enriched and control columns. No increase of algal 
nl\mbe+s occurred in contt"ol columns during nitt'ate addition even though 
control columns were stirred. Instead, phytoplankton rapidly decreased 
in number during most of the nitrate experiment. The increase from day 
7 to day 9 probably was not a response to initial stirring of 11Jediments. 
The increase in algal numbers during the glucose addition experiment was 
not caused by stirring of sediments alone. Columns enriched with glu-
cose but separated :from bottom sediments also produced increased algal 
numbe+s. 
Lake Carl Blackwell algae appear to be limited by phosphorus since 
orthophosphate is usually about 0.004 mg/l in the reservoir water and 
added orthophosphot'us produced increased numbers of algae. Other forms 
of phosphorus may not be available fot algal nutriti'on (Lean 1973, Mc-
Daniel 1973). 
Inorganic nitrogen sometimes was ~ndetectable in Lake Carl Blackwell 
surfac~ water in spring and summer and was shown to be limiting to algae 
in other southwestern United States reservoirs (McDaniel 1973). Nitro-
gen may be limiting to some algal species in summer in Lake Carl Black-
well even though many species of blue-greens in the reservoir are nitro-
gen...-f ixers. 
Carbon is a limiting factor ~o algae in Lake Carl Blackwell. co2 
bubbling in Lake Carl Blackwell water produced excessive growth in labor-
atory.experiments. Since the reservoir is shallow and subject to com-
plete mixing by wind action, co2 input from atmospheric.sources probably 
is large but is not; st)fficient to pi:-oduce maximal growth. co2 from bac-
terial decomposition can account foi:- large blooms and increased algal 
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growth should be proportional to co2 released from organic,matter de-
composition, This natural phenomenon probably is limiting algal growth 
in Lake Carl Blackwell more than other sources of co2. Bicarbonate 
alkalinity is usually 1 x 10-3 mg/l (Rice 1972), and probably does not 
limit algae which can use bicarbonate ion readily. 
Light may li,m:i.t phyt;oplankton growth in Lake Carl Blackwell since 
average SUI!ltner light; penetration was only 0.5 m as measured by Secchi 
disc, 
Blue-green algae may ab~orb l'hosphorus at low concentration (Shapiro 
1973), can fi!X nitrogen (Wyatt 1971), and assimilate co2 at low concen...; 
tration (King 1970), thereby making blooms of blue-green algae inevitable 
in even slightly eutrophic bodies of water. No empirical data base 
exists to suQstantiate a single limiting factor hypothesis for the growth 
of Lake Carl Blackwell phytoplankton. 
C~TER V 
SUMMARY 
1, P~ytoplankton peaks in Lake Carl Blackwell during 1971 and 1972 
were compared. Columns of clear polyethylene sheet enclqsed reservoir 
a1ga1 communities and were used to monitor algal numbers and diversity 
after orthophosphate, nitrate, and organic carbon additions, and during 
aeration. Taste and odor in the water supply were related to algal 
blooms. Species diversity of phytqplankton as an indicator of eutrophic 
conditions was reviewed. Data was presented to support the data that no 
sing;le limiting nut;ri~nt hypothesis i£!l applicable to Lake Carl Blackwell. 
Z, Blue-green algae.peaked earl~est in 1971 and diatoms peaked 
earl;test in 1972. Multiple peaks of qlue-greens occurred in 1972. Green 
algae were the most: abundant group during late summer of 1971, .while blue-
green algae were most abundant during late summer of 1972. Blue-greens, 
diatoms, and greens may contribu1;e.to taste and odor problems in late 
summer. 
3. Aeration in reservoirs has been used to reduce algal numbers, 
oxygenate. the water, and lower ~iurface water temperature in order to de-
crease evaporation. Aeration lowered blue-green and green algal numbers 
in Lake Carl Blackwell. Diatom numbers were not affected greatly. Sur-
face temperature and watet' clarity were slightly reduced, and oxygen 
content of the.bottom water increased, 
4. Total phospho~s concentration in Lake Carl Blackwell water 
6. 7 
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ranged from 0,040 to 0.085 mg/l during sum.mer months. Orthophosphate 
and soluble organic phosphorus ranged from 0,003 to 0.010 mg/l. Most 
phosphorus was bound in particulate form, but organic and inorganic 
particulate forms were no~ distinguishable. Sedimentary phosphorus in 
Lake Carl Blackwell was 99% particulate. Stirring of bottom sediment 
and perhaps bacterial solubilizat.ion rel.eased phosphorus from montmoril-
lonite sedi~nt and increased dbsolved orthophosphate in the columns by 
0.060 mg/l. 
~elease of sedimentary phosphorus and addition of orthophosphate 
pro4uced significant increases in numbers of algae in 2 days for a juve-
nile c0111111unity and in 4 days for a senile community. Blue-greens re-
sponded less than greens to added phosphorus. Diatoms did not respond, 
Orthophosphate in the water disappeared rapidly and probably was partly 
absorbed by periphyton or precipitated by calcium and magnesium ions. 
Particulate phosphorus increased within 1 hr in the columns indi-
cating that the alg~e might have assimilated phosphorus or that organo-
phosphorus colloidal particles wete formed in the water. Soluble organo-
phosphorus was detected within 1 hr aftett phosphorus addition indicating 
that perhaps excretion of soluble organo-phosphorus occurred rapidly as 
a cellular response to ;J.ow orthophosphate in the water, Some species of 
algae in Lake Carl Blackwell are phosphor4s limited since orthophosphate 
is less than 0,010 mg/1. 
5. Soluble inorganic nitrogen reached an undetectable level and 
probably was limiting to some algal species during summer months. Ni-
trate nitrogen concentration ranged,from undetectable to 0.057 mg/l in 
July, 1972. Blue.,...green algae which fix nitrogen are abundant in Lake 
Carl Blackwell. AddiUon of dissolved nit:rate produced no increase in 
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algal numbers in a senile diatom-dominated community. Added nitrate dis-
appeared rapidly and may have been partly taken up by periphyton on 
sides of the columns. 
6. Organic carbon is low in concentration in Lake Cad Blackwell. 
The allochthonous organic.carbon sources are intermittent flows from 
natural and agricultural sources. No domestic or industrial wastes 
originate in the watershed. Addition of 1600 mg/l glucose increased 
blue-greens and diatoms after 3 days. Green algae remained low in num-
ber throughotJt the experiment;:. Numbers of algae were. increased by or-
ganic .enrichmeut probably because of bacterial release of co2 rather 
than direct uptake of glucose by the algae. 
7. Surface algal d ranged from 1.34 to 2.82 and net algal d range~ 
f:r.-om O • .:>O to 2.73 indicating that the reservoir is eutrophic. Correla-
tion of d with algal counts was low in 1971 (r = + ,05) when algal peaks 
were caused by abundance of many species and high in 1972 (r = - .84) 
when algal pea~s were caused by abundance of only one or two species. 
Phytoplankton d may not always be a good indicator of bloom conditions. 
Eurichment of columns did not significantly change d of surf ace algae 
but increased d.of large net algae.in phosphorus and glucose addition 
experiments. d may be of minimal value as a sensitive index to changes 
produced by different levels of. a nutrient or to increased or decreased 
production l;'ates. 
8. Overwintering benthic algae collected from bottom mud in mid-
winter produced bl~oms when. cultured in the laboratory. Naviculoid di-
atoms .t11ade up most of .the biomass from a shallow sample and Gyrosigma 
2£.• constituted most of the organisI11-s frot'll the deep sample.. Anabaena 
~· , Oscillatoria .!£.• , and Aphanizomenon flosaquae also were noted. 
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iMicrocx!j!ti~ .!E.•. was not seeI?- and may overwinter in crusts on shore. The 
blue-greens Anabaena .!2.• , Oscillatoria !RI?.· , Spirul:l,na major, and Apha,ni~ 
zome11on f losaguae and the green algae apparently ovet"winter a$ plank-
toni~ i1-ldiv;l.duals, . Algae grew fast:er and more abundantly fro.m samples 
tak;e-p. ·~rom·mud at 2 m than from;·µi,1;1d 'ta~en at 5 m •.. Both samples produced 
a musty~ rotti.ng··'gralfs odor··after t9:~ bloC!>llls. 
9. The green alga _Chlorella. pxrenoidosa and the blue-green algae .. 
pactyl.Qcoccopsi~.!£· were placed.together in filtered La~e Carl Black-
well water ~d treated with low pH, co~, and added nitrate and orthophos-
phate. The blue-green alga grew well in pH as low as 3.3. Both algae 
bloomed withixi 1 week when co2 concent:ra1;.ion wa,s increased by bubbling. 
Added nitrate and orthophosphate had no effect on algal numbers~ Ap-
par~tly, filtered lake water contained sufficient nitrate and ortho-
phQspha,te fol;' some algal. growth .and atmospheric co2 :lnflux was limiting. 
co2 provtd,e.d through bacterial decomposition i~ addition to atmospheric 
diffusion may provide suff:lcient co2 for excessive growth. 
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GENERAL FACTORS 
Taxonomic,Groups Contributing to Major Blooms 
u.s.s.R. - M:lcrocystis aerusinosa (Sirenko et al. 1969, Topachevskiy et 
al. 1969, J3aklanovskaya 1969, Butorin et al. 1971) .A,phanizo-
menon flosaquae (Sirenko et al. 1969, Baklanovskaya 1969, 
Butorin et al. 1971) Anabaena ~· (Topachevskiy et al. 1969, 
Baklanovskaya 1969) Coelosphaerium dubium (J3aklanovskaya 
1969) Microcxstis pul,verea (Baklanovskaya 1969). 
Other ... Anabaena flosaquae (Whitford and Kim '1971) Anabaena ~· 
(Roblrison et al. 19'69 ;' Maiueg et al.. 1971, Kt:a tz and Myers 
'1954, 1955, Hergenrader and Hammer 1971, Krishnamo9rthi et 
'al. 1971, Henley et al. 1971, Lange 1971) Microcts.tis !£.E.• 
(Robinson et. al. 19'69, 'Kratz· and Myers 1954, l955, Hergenrad-
er and Hammer 1971, Krishnamoorthi et al. 1971, Adenij i 1971, 
Meyer 1971, Lange 1971) Oscillatoria ~· (Robit).scm et al. 
1969, Lange 1971) Cylindro$permum !£.· (Robinson et al. 1969) 
Aphanizomenon flosaguae (Wyatt 1971, Hergenrader and Hammer 
1971, Meyer 1971, Laq.ge !971) Coelosphaerium !P.• (Meyer 1971) 
Merismopedium !P.• -(Meyer 1971) Microcxstis !P.• , Aphanizomenon 
!£.•, and Anabaena !P.· f oll,.owed early diatorh peaks (Lin 1972) • 
Number of Species Encountered 
u~s.s.R. - No specific ~eferences. 
Other 
u,s.s.a. 
Othet' 
- Eight Cyanophyta of 81 species (Robinson et al. 1969) 13 
Cyanophyta of 72 species (Lin 1972) 11 Cyanophyta of 44 
species (Faust, present study). 
Re~ervoir Distribution 
- Summer: surface-few meters and bottom (Sirenl,<.o et al. 1969) 
W;(riter:. less than 20-30 meters deep (Sirenko et al. 1969) 10-
15 meters on mt.ld bottom, bloom June to September (Topachevskiy 
et al. 1969). 
- All depths, summer vacuolated and at surface; bottom unknown 
but suspected in winter. (Wixson et al. 1971). Most luxurious 
blooms from mid-June to July (King 1970). Different species 
form epilinmetic bloo111s than Oscillatoria !£.· which are more 
often in hypolimnetic blooms {Eberly 1967) Microcystis !£.· 
not found on winter bottom muds as were other blue-greens 
(Faust, present st~dy). 
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PHYSICAL FACTORS 
Currents 
u.s.s.R. - Most abundant in slow or calm water (Sirenko et al. 1969, 
Topacheyskiy et al. 1969). 
Other - Subject to currents, decrease (Wohlschlag and Hasler 1951, 
Oskam 1971). 
Wind 
U.S.S.R. - Driven ashore in mats, pushe4 off by spring rains; stirs bot-
tom nutrients (Sirenko et al. 1969, Topachevskiy et al. 1969). 
Othel;" ~ D;i:rectly affects algal distribution (Langford and Jert!lolajev 
1966) Suspected stirring of ,silt, organics, nutrients, and 
planktonic forms (Jackson 1964, Faust, present study) Increas~ 
ed growth in areas exposed to winds (Wohlschlag and Hasler 
1951). 
Temperature 
U.S.S,R. - 20 C plus (Microcystis ~·) (Sirenko et al. 1969, Topachev-
skiy et a1. 1969). · 
Other - 24 C (Anabaena !£_.)(Webster and Frenkel 1952) 24 C (No$toc 
muscor\llll)(La:z;aroff and Vishniac 1961) 25 - 30 C abundant 
Cyanophyta (Faust, present study) May exist at up to 70 C 
(Brock 1973). 
Biological Oxygen Demand 
u.s .. s •. R. - No specific references. 
Other - Low BOD - Microcxstis !.£.· and Anabaena ~· observed in a bloom 
(Krishnamoorthi et al. 197],.). 
Turbidity (Light) 
u.s.s.R. - Light.not necessary for abundant growth anaerobically, early 
spring on bottom mu4s (~icr9cxstis ~ .. , Aphan!zomenon ..§.£.•), 
much. gr.eater in 'Qlore light at. surface (Microc~stis ..§.£.·) 
(Sirenko et al. 1969, Topachevskiy et al. 196 ) • · 
Other - Slow growth in absence of light for Nostoc muscorum (Lazaroff 
and Vishniac 196f),_Anabaena ..§.£.• grew under.only 50 ·ft candles 
(Webster and Frerikel 1952) Removal of light inhibited photo-
synthesis . of Aphanizomenon .fil?.•, Anabaena !£.· , and Microcystis 
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aeruginosa (Hergenrader and Hammer 1971) Microcystis !E.· and 
.Anabaeiia !E.· observed blooming under low turbidity (Krishna-
moorthi et: al. 1971) Ani,ibaena !E.• susceptible to light, (Wyatt 
1971) Anabaena !E.· growth decreased in clear, aerated water 
(Malueg et al. 1971). 
CHEMICAL FACTORS 
Oxygen 
u. s. S.R. ·- More dead cell,s in high o2 , in low o2 survival on bottom muds 
and shore ~ts (Sirenko et al. 1969, Topachevskiy et al. 
1969). 
Othet' - High po2 inhibits respiraUon by Anabaena !E.· as well as 
photosynthesis by Anabaena !E.• and Phormidium !E.· w,hich does 
not fix nitl;'ogen (Stewart and Pearson 1970') · Ana.bae1;1.a !E. bloom 
in 16 mg/liter o2 (Malueg·et al. 1971) o2 near saturation dur-
·ing bloom (Joyner 1971) Decreased o2 increased acetylene re-
duction and nitrogen fixation (Wyatt 1971). 
Red-ox Potential 
U.S.S.R. - Mic~ocyatis aeruginosa grew best in low red-ox conditions 
(Sil:'enko et .al. 1969, Topachevskiy et al. 1969). 
Other - No specific refel;'ences. 
Carbon Dioxide 
v.s.s.R. - High co2 required, sources are free atmospheric, inorganics, 
bacterial symbionts (Sirenko et al. 1969). 
Othel:' - Anabaena ~., Anacystis !£_•,and Nostoc !E.• appear restricted 
to co2 as a carbon· source (Krat:z: and Myers 1955) At co2 con-
cep.tration less than 2,5 micremoles/liter algal photosynthe-
s:ts decreases rapidly (King 1970) Atmospheric co2 permits 
blooms with adequate nit1:"ogen and phosphorus (Schindler et 
al. 1971) A1:1ac;ystis nidulans grew better with added co2, re.,. 
quited 10-5 micrograms of CO per cell (Kerr et al" 1970) 
High co2 required (Kuentz·e1· I969' Lange 1971) Carbonate ion 
may be essential to some Cyanophyta (Jackson 1964) co2 addi-
tion resulted in shift to green algae (Shapiro 1973). 
Phosphorus 
U.S.S.R. - No specific references. 
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... Cyanophyta grow in 0.015 mg/l (Kuentzel 1969) No growth in 
0.07-0 •. 30 mg/l, but little organics, pH :8 •. 5 (~ells 1969) P04 
decre~sed in a bloom of Microcystts !£.·, Anabaena !E.• , and 
·· AJ?hilnizomenQn !E.· (Hergenrader and Hamer 1971) P0,4 produced 
a bloci>t11 (Schindler et al. 1971, Kalff, 1972a, Nyquist and 
Sigler'.1967, Mccombie 1953) 0.010 nig/1 is minimum concentra-
tion for grawth (Bowen 1970) Phosphorus has been limiting 
element in Lak.e Michigan (Schelske and Stoermer ,l..972) Phos-
phorus is low in water, average in sediments of Lake Carl 
B1a~kwell, orthophosphate limiting at times (Faust, present 
study), 
Sodium 
u.s.S.R. - No specific references. 
- Oeeillatoria !E.· favo:t:"ed more by h,igh Na levels. (deNoyelles 
1967) Anabaena variabilis required 40 mg/l (Kratz and Myers 
1954, 1955) Anac'.Ystis nidul,ans requited Na (Kratz and Myers 
1955). 
Calcium 
u.s.s.R. - No specific references. 
Other - Low requirement by blue-greens (Hasler 1966). 
Cobalt 
u.s.s~a. - No specific references. 
Other - An essential ele~ent for blue-greens (Hasler 1966). 
Zinc 
U.S. S • R. .... No specific :references .• 
Other - Aphanizomenon !E.• and Anabaena !E.• incorporated Zn salts into 
cells with no effects except morphological changes (unknown). 
Copper 
u.s.s.:iR,, .,.. Blooms of Cyanophytes occurred only when. water became enrich-
ed by copper (Telitehenk.o l97I). 
Other - Copper used as algacic;le in U.S. (cupric sulfate). 
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Potassium 
u.s.s.R. - No specific references. 
Other - Blue-gre,ens, especially Oscillato.ria ~· favored by high K 
levels (deNoye!les 1967) Anacystis nidulans requires K (Kratz 
and Myers 1955). 
Iron 
u.s.s.R. - No specific references. 
Other - !'):'on may be limiting (Goldman 1971) !'):'on in chelated forms 
only produced inc'):'eased photqsynthesis (Sakamoto 1971) 100 
mg/l iron.was growth limiting to cultured blue-greens (Ger-
loff and Skoog 1957) May be limiting (Schelske 1962, Wetzel 
1965). 
pH. -
U.S. S. R • ..., ,High pH, alkaline conditions required (Sirenko et al. 1969, 
Topachevskiy et al. 1969)~ 
Other - Oscillatoria agbardhii in med'ium at pH 7.1 - 7.3 produced 
b;loom which increased pH;- to 9. 2 (Eberly· 1967) co2 uptake by 
algae increased pH, blue.:.greenstake advantage, extract co2 
at lower concentrations (King '1970) ·· Cyanophytes common at pH 
5 or 6 but absent below pH 4 .1 in natural lakes .O~rock 1973) 
Anabaena flosaquae optimum at pH 7 •. 5 (Gorham et al. 1964) No 
bloom in pH 8. 5 but few organics '(Wells 1969) pH _7 .• 4 - 9. O 
· required for Anabaena. variabilis and Anacystis ni.dulans 
(Kratz and Myers 1954 ~ 1955) ·Nosfoc ~· grew in pJI 6. 9 - 9 o O 
(Kratz and Myers 19'54, 19'55) ~Anabael,'la ~· cultures had pH of 
9 .5 (Webster and Frenkel. 195 ) Ariabaena ~· bloomed with a pH 
of 9.0 (Malueg et al, 1971) Microcytis~. required at least 
pH 7.4 (Jackson 1964) Dactxlococcopsis.~. grew in pH 3.3 -
3.5 for 10 days, bloomed vigorously in pH 6.0 (Faust, present 
study). 
Nitrogen 
U.S.S.R. - Blue-greel,'lS grew in 0.06 - 0.17 mg/l NH4 and 0 •. 21 - 0.23 mg/1 
N0 3 (,,:Saklanovskaya 1969) Growth in 0.02 - l .QO mg;/l NH4 and 
0,27 - 1.45 mg/1 N03 (Topachevskiy et al. 1969). 
Ot;her · ..,.. ·N2 ·:Hxatio:i:i occurs :i:n Wiseendn l·ake·s, 2 •4 ·kg N/ha/yr with 
nitrogen ;limiting in some lakes and is' light :dep.endent (Stew-
art 1971) Spring bloom of Aphanizomenon flosaquae and autumn 
bloom of Anabaena circinalis occurred in Clear Lake, Cali-
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fornia and 43% of yearly inflow of nitrogen was due to fixa-
tion (Ho:rne and Goldman 1972) Dense Anabaena ~· bloom occur-
red in 0.045 mg/l No3 (Smith 1969) Nitrogen add~.d ·produced 
bloom (Schindle:i:- et al. 1971) ·Blue-greens have reputation for 
needing organic nitrogen source (Ed,moridson 1967) 5. 0 mg/l N 
was limiting :to Miet'ocystis aeruSinosa (Gerloff and Skoog 
1957) · Anab1:1.&na .!l?.• and .Aphanireomenen ffosaquae can fix nitro-
gen (Wyatt 1971) NH4 preferred if N03 present also (Toetz 
19 71) Anabaena ~· fix more molecular nitrogen under decreas-
ed oxygen (Wyatt 1971).Anabaena flosaquae and Nostoc muscorum 
reduce acetylene (Stewart and Pearson.1970) Blue-greens not N 
limited (Faust, present study). 
Organics 
u.s.s.R. - Growth good in biogenic, organic bottom ooze (Sirenko et al. 
1969, Topachevskiy et al. 1969) ·• 
Other - Anabaena !P.· capable of oxidizing several organic substrates 
(Webster and Frenkel 195,2) Mic:rocystis ~· and Anabaena !£.• 
will grow well in water free of organics· (Krishnamoorthi et 
al. 1971) Monomolecular hexadecanol and octodecanol layers 
acted as.added nutrients for growths of filamentous and non-
f ilamentous types . (Wixson et al. 1971) Anabaena ,!P.,• and 
Aphanizomenan !P.• can. reduce acetylene (Wyatt 1971) Carbon 
material is controlling nutrient in eutrophication (Legge and 
Di}\gelc;lein 1970) Organic carbon source altered numbers of in-
dividuals of large species (Faust, present study). 
BIOLOGICAL FACTORS 
Production of Growth Inhibitors 
u~s.s.R. - Post:ivie, suppress green algae, exoproducts help remove oxy-
gen from colony along with bacterial symbionts (Sirenko et al. 
1969, Topachevskiy et. al. 1969). 
Other - Anabaena circinal.is produced exoproduct, may not be inhibit-
ing; Osc:i.l.latoria !E.E..• also produced (Henley et al. 1971) 
Aphani.ze>menon flosaguae _:toxin killed Anabaena ~· and Micro-
cxstis ~· but not Selenastrum ~·. (Lange 1971). 
Development (Miscellaneous) 
u • .s.S.R. - Winter: few cells in large clumps, 15% alive, on dry shore 
(Tcipachevskiy et al. 1969) Spring: colonies earlier on bottom 
than in water, bloom June-September, may bloom and return to 
bottom several times during summer, cycle materials.(Sirenko 
et al. 1969, Topachevskiy et al. 1969) Dense winter colonies 
Other 
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of 6-15 million cells/liter of Microcystis .!!E_., cells loose 
in slime colonies at surface in aerobic conditions. Aphanizo-
menon .!!£• and Microcystis .!£.• make up ~O - 90% of phytoplank..-
ton (Butorin et al. 1971) 2.3 - 2.6 ni111ion colonie.s of 
Microcystis !E.· per liter (Sirenko et Ja.1. 1969) As neuston, 
greater than 10 kg/m3 (Topachevskiy et al. 1969) 171,000 blue-
· green cells per ml (Baklanovskaya 196g). 
- Aphanizomenon !P..• dominant in July (Joyner 1971) Aphanizomenon 
.!E.• greater than 100 mg C/m,3 (Hergenrader and Hammer 1971) 
Mictocxstis .!E.• dominant after rainy s~ason (Adeniji 1971) 
Anabaena .!£.• chlorophyll a of 110 mg/m (Malueg et al. 1971). 
Predation 
u.s,s~R. ·~Very little to none on blue-greens (Topachevskiy et al. 1969). 
Othe?i - Bltl$-green forms especially are not utili:(!led (Provasoli 1969, 
Lund 196,9) Seen in abundance in carp ponds, (Lund 1969) Bloom 
of Aphanizom,enon .!E.• was controlled by ~ooplankton.feeding 
(Billaud 19 6 7) • . 
Photosynthesis 
U.S.S.R, - Microcystis aerusinosa transfers from heterotrophic to auto-
trqphic, mPves from bottom up and cQ.anges, slime envelope 
provides,anoxic conditions (Sirenko et al. 1969, Topachevskiy 
et al. 1969). 
Other - ~ab.;a.ena variabili.s, M:lci-ocystis !P..• and Nostoc museorum are 
obligate photoautotrophs (Kratz and Myers 1954, 1955) Aphani-
zomenon !P.• is a photqautotroph (Hergenrader and .. Hammer 1971) 
Bloom originates on bottom - implies change (Wiatt 1971) 
Anab,aena !E.· aJ~l-~ ·to oxidize organic substrates (Webster and 
Frenkel 1952) Lxps'\Jya.lagerheimii is obligate photoautotroph 
(Van Baalen et al. 1970) •. · 
Bacterial Symbionts . 
U.S.S.R. - Abundant in mucus on bottom, take up oxygen, produce carbon 
dioxide (Sirenko et al. 1969). 
Qthe"J;" - Positive in blue~greens (Silvey and Roacq 1964) Greens - com-
plete overlapping seldom seen because of cotllpetition for 
nutrients and because of antibiotic activity (O$wald et al. 
1952., Legge and Dingeldein 1970, Kuentzel 1969) Symbiotic 
with lichens'· cycads, bryophytes, and pteridophytes (Holm-
Hansen 1968). 
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CONTROL FACTORS 
Mechanical and Chemical Methods 
U.S.S.R. - Remove organic ooze and silt, oxygenate water, reduce eutro-
phicating runoffs, strip reservoir bottom muds before filling, 
remove reducing conditions on bottom (Sirenko et al. 1969, 
Topachevskiy et al. 1969). 
Other - Mb:ing decreased blue-greens more than greens (Robinson et al. 
1969) Removal of ligl}t, added turbidity inhibits Aphanizomen-
on ~· (Hergenrader and Hammer 1971) Even with lower BOD and 
turbidity blooms of Microcytis ~· and Anabaena .!.E.· were still 
observed (Krishnamoorthi et al. 1971) Aerated, c!.ear water 
decreased bloom of Anabaena !£.• (Malueg et, al. 1971) Turbid-
ity may be a major factor in control of algal growth (Joyner 
1971, Faust, present study) Increased oxygen concentration, 
especially on the bottom decreases blooms (Wyatt 1971) 
Aphanizomenon !11.• blooms removed and reduction of summer al-
gal biomass by high water replacement rate (di'.f,:ution) (Welch 
et al. 1972) Sealing lake bottoms, flushing hf l~,rge volumes 
of water, and diverting org~'Jilic inflows could reduce blooms 
(Dollar et al. 1967) Aeration reduced greens.and blue-greens 
b'l.lt not diatoms (Faust, present study). 
APPENDIX B 
FO:RMULA FOR MODIFIED GORHAM'S MEDIUM 
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Chemical Fori:nula mg/1 in Solution 
NaN0 3 496 
K2HPo4 39 
Fe Cittate 6 
MgS04 • 7H2o 75 
Na2s103·9H2o 58 
Naf03 20 
Citric Acid Omitted 
EDTA Omitted 
Cac12 27 
KC.l 1 
NaHC0 3 260 
APPENDIX C 
PLANKTONIC ALGA! ENCOlJNT~RED IN LAKE. CARL 
BLAC.KWELL, OKLAHOMA 
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CHLORQPHYTA 
Hydrodietya~eae 
Desmidiac;u~ae 
Zygnemataceae 
Oocyst;aceae 
Clorococoaceae 
Chaetophort;i.eeae 
CYANOPHYTA 
Nostocaceae 
Osci11atoriaceae 
Chl!oocoocaceae 
PYRROPHYTA 
J.>et'idin:,1,aceae 
Cerc:i,tiaceae 
Volvo:ii; !E.• 
liydrodictyon reticulatum 
Pediastrum duplex 
Pediastruill si~pl.e11: 
Closterium gracile 
Closteri\lm !£.• · (moniliferum ?) 
Cosmarium !£.· (suocrenatum ? ) 
Staurastrum !£.• (chaetoceros ?) 
Sp;lrogyra !P.• 
Chlorella §.E.• (?) 
Oocyst;is !11• 
Nephrocytium !£.• (limnetica ?) 
Cloroco~cum !£.· (humicola ?) 
Planktosphaeria gelatinosa 
Stigeoclonium !E.· 
Aphanizomenon f lo$aquae 
Anabaena af finis 
Anabaena &• (planctonica ? ) 
Anaqaen?Psis !P.· 
Nodularia !P.· (harveyana ? ) 
Spirl\lina major 
Oscillatoria princeps 
Oscillatoria !£.· (limosa or nigra ?) 
C.oe;I,osphaedum .!l?..· (naegelianum ?) 
Met'ismopedium !P.· (punctatum ?) 
Microcystis aeruginosa 
; ; 
Peridinium !.! . 
Ceratium hirundinella 
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EUGL:ENOPHYTA 
EuglenacE1ae 
CHRYSOPHYTA 
Coscinodiscaceae 
Nitzschiaceae 
Ft:"agiladaceae 
Naviculaceae 
Gomphonemaceae 
Cymbellaceae 
:E:uglena .!£.· 
Phacus !P..· 
Melosira italica 
Melosira distans 
MelOsira .!,£..~ . (granulata ? ) 
Cyclotella !E.. 
Bacil!aria paradoxa 
Fragilaria .!£.. 
Synedra . .!£.~ 
Tl:l.bellaria !E... 
G>;r.:osi~a !E... 
Navic1,1la !E.· 
Frustulia !£· 
Amphipleura .!£.· 
Gom.phonema .!£.. 
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